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Abstract 
Pwliminny>. a.lml>-sis of Chx~n Bmyons from t.lle FerAlah high cnc’rg~. 

l~llotol)rotluc.tio11~ct,ioll esperimellt~ EGST is present& The resulb iucludt t,llc first 
olwm;l.tion of a2: -+ S2-7r+. 
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In t,his paper I present, and discuss new results on charm baryon lifetimes 

from Fermilab I,llotoI”oductioll experiment E687. The d&a were collected 

in 1990 ard 1991 using the E687 spectrometer which is described elsewhere?) 

The “problem” of t,he difference between the Do and Df lifetimes is well 

known. Whereas the simple spectator model predict, equal lifetimes for all 

weakly decaying charm hadrons, the measured lifetimes of the D+ and Do 

differ by a factor T(D+)/T(D”) = 2.54 f 0.073) Since the ratio of semileptonic 

rat,es (r(D+)/l?(DO) = 0.88 f 0.17) 3, is consistent with unity and the purely 

leptonic rates are negligible, this suggests differences between the hadronic 

decays of the D+ and D”. 

Two solutions proposed to account for this lifetime difference are: (i) 

clestructive interference effects in t,he decay of the D+; and (ii) a large W- 

exchange contribution to the decay of the D ’ Det,ailed theoretical studies . 

of (i) and (ii) are still somewhat inconclusive due to difficulties in reliably 
4) accounting for soft gluon effects in the decay. Although the situation is cer- 

tainly not clear, our understanding should improve with more experimental 

data on charm hadronic decays, bot,h for t,he branching ratios of exclusive 

modes and also for the lifetimes of the weakly decaying charm baryons, AZ, 

Ez, Ez and 0:. 

There are at least three published predictions for the hierarchy of lifetimes 

for t,he cha,rm baryons. Guberina, Riicltl and Trampet%‘) predict the hier- 

a,rchy ~(slz) m T(EF) < T(q) < T($) using calculations on the quark level 

that include W-exchange and light quark interference effects as well a,s hard 

gluon QCD corrections. A similar calculation by Voloshin and Shifman’) 

where non-perturbat,ive soft gluon effects are part,ially taken into account 

gives a different hierarchy ~(a!) < @) < ~(5:) z I The third predic- 

tion comes from a phenomenological analysis of Gupta and Sarma7) where 

no interference is assumed but large W-exchange contributions are included. 

They predict T(A~) s @!) < ~(flf) < @z). 

We have made new measurements on the lifetimes of the A$, E:,’ and Sz 

charm baryons using t,he decay mocles pI<-r+, E-n+n+ and E-X+ respec- 

tively. We also see some evidence for the decay flz -+ o-71-+, but we do not 

have a lifetime measurement for nz yet,. Care has been t,aken in studying sys- 

tematic effect.s in our analyses and our measured lifetimes are given in table 

1. Due to the lack of space available for this paper, the details of the analy- 
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Table 1. Measurements of charm baryon lifedimes. 

EG878) EG91”) NA14l”) NA3211) E40012) W.4G213) 

(lo-‘3 s) (lo-13 s) (lo-13 s) (10-13 s) (10-13 s) (10-13 s) 

rjh;) 2.1510.1Ff0.08 2.2k0.3f0.2 1.8*0.3f0.3 1.9G+$;; 

pK-a+ pK--n’ pK-a+ pK-a+ 

T(?‘,+) 4.1’-+:;f0.2 2.o+‘.’ -0.6 
4,0+‘.8+l.0 

-1.2-1.0 4.8+‘.’ -1.8 

E-a+T+ E-n+x+ pI{-n+a+ AoI(-r+7r+ 

c+Ii-7r+ AoIrn+a+ 

T(E:2) 1.01+;:;;*0.05 0.82+“.5g -0.30 

s- ri+ E:- ?r+ 

ses are not presented here; t,he reader is referred to our recent publications!) 

Table 1 also shows other measurements that dominate the current lifetime 

world averages. It should be noted that the ACCMOR (NA32) collabora- 

t,ion eit)her quotes exactly zero systematic errors (for AZ and 5:) or does not 

discuss syst,ematic errors at all (Zz). 

Only experiments E687 a,nd NA32 have measured lifetimes for all the 

three charm baryons A,‘, Sz and Z:,“. These are shown in figure 1. For the 

NA32 result for L E:i the meal values for the two modes they used, Z-.rr+r- 

and C+K-x+, are also shown. In my opinion, the C+K-n+ mode may suffer 

from ba,ckground clue to cerenlcov misidentification (12: --) C+.rr-7r+) at a 

level beyond what they accounted for. The E687 and NA32 results do agree 

within st,atistical errors, though the E687 results favors a hierarchy of @) < 

T(A~) < I whereas the NA32 results favors @) < T(&!) x +:). 

Combining the E687 results with the current world averages3) gives: 

+I;)/+:) = 2.06’,0:;;; T(;“;)/T(A;) = 1.73+;:2369; T(E;)/T($) = 3.56?,0:;:. 

These resuks favor the hierarchy of Guberina, R&&l and TrampetiC, t$hough 

of course more stat’istica,l precision is required before a conclusive lifetime 

hierarchy can be reached. With better data on the charm baryon lifetimes 

including that of the OF, one should be able to ext,ra,ct the relative con- 

tribut,ions due to spect,ator, W-exchange and interference, and maybe also 

determine whether soft gluon effects are important for charm baryon decays. 
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Figure 1. Comparison of life- 
time hierarchies for charm baryons 
measured by EF87s) and NA32”). 
For the NA32 results only the sta- 
tistical error is given. For the E687 
results, the inner error bar gives 
the statistical error and the outer 
error bar the systematic error. 
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Figure 2. Preliminary A: baryon signals using C* baryons. The fitted yield and the c11t 
on L/UL is given for each plot. L is the 3-dimensional distance between the primary ;~I!II 
secondary vert,ices and 0~ is the error on L. 
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In order to improve our measurements of charm baryons we are investi- 

gating charm baryon decay modes involving C* baryons. The C* baryons are 

reconstructed kinematically. Figure 2 shows some preliminary charm baryon 

signals involving C* baryons. 

We see a significant difference between the numbers of reconstructed D 

and D in E687. Defining the asymmetry for D mesons as A(D) = ~~~~i, 

and using D” + K-r+,K-n+&x- and D+ --+ K-&T+, we find A(D) = 

3.58 f 0.77%, and A(D*+) = 9.59 f 1.06Y 0, where in the latter we only 

used D” decays. We interpret this difference as due t,o the larger associated 
- 

production of DA: comparecl to DA?. It) is unknown to us why the difference 

is larger for spin 1 D* mesons. Note that the result for A(D) includes all 

reconstructed D mesons, so we are studying whether the total asymmetry 

in D productjion is due solely t,o an asymmetry in D’ production. Using 

D: -+ &v+ we find A(D,) = -2.49 f 5.20% which is consistent with unity, 

and using A,’ -+ pK-n+ we find A(&) = -12.26&7.32%, which is consistent 

with enhanced DA: production. This direct evidence for enhanced DA: 

associated production is weak. However, if it is the sole cause of the difference 

in numbers of D and ]5, then with sufficient statistics we can use t,his to 

determine the number of associated produced A: and hence the absolute 

brzmching ratio of the A$ --+ pli-T+. 
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